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 What the ‘bliep’ is digitaal (en waarom)

* Digitale modulatie
- In 4 stappen
.

« Systemen
- D*Star
- DMR
- C4FM (System Fusion)
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¥/ Radio Onderzoek Waarom dl U Itaal
in Nederland

* RF verbinding

- (lets) Groter bereik
- Ruis ongevoelig(er)
- Geen ruis op audio

* Extra mogelijkheden

- Koppelingen via netwerken
- HAMNet
* Internet
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A\ /A Theorie
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What the ‘bliep’ is digitaal

Naar:
What the ‘bleep’ do we know
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D\ /BRIl \Vhat the ‘bliep’ is digitaal
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- Digitaal
- Bit (binary digit)
Uit of aan
e Jofl
- Byte = 8 bits (278 = 256)
° Seneel T ol [4 0 0 THE ol_
- Bits worden na elkaar verzonden }
(via radioverbinding) et

- (we zullen later zien per 2 bits tegelijk)
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« Baudotcode (5 bit)

o ASCII (7 bit)
- 277 = 128 tekens

» Unicode
- UTF-8
- UTF-16 (2 bytes)
- UTF-32 (4 bytes)
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* Fout herkenning
- Parity bit (odd / even)
- CRC (Cyclic Redundancy Check)

 Fout correctie
- FEC (Forward Error Correction)

- De Ontvanger kan fouten herstellen

Al1.veron.nl PAGROB é
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\/ el 4 Stappen tot uitzending

in Nederland

e Omzetten Audio
- A/D Convertor

« Comprimeren

- Codec: AMBE+(2)
 |nclusief FEC

* Verpakken

- Channel coder

« Modulatie
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110
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amplituda

Radio Onderzoek

Experimenteel

1. Audio Diqgitaliseren

in Nederland

Analoge signaal

¥ rd
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 Analoog naar Digitaal

- Spraak van microfoon

- ADC (A/D-Convertor)
« sampling

* Digitaal naar Analoog
- DAC (D/A-Convertor)
- Geluid voor speaker

Al1l.veron.nl PAGROB é
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. Seriéle Bi A
Seriele .Blt st room/_’ A=A -

- Resolutie | sy N ]
| aatal bifs PVRamplSES A LA

« Omvang datastroom N

- Resolutie

- Aantal samples per seconde
- bits/sample * samples/sec = bps (meestal in kbps)

Al1.veron.nl
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in Nederland

e Reductie aantal bits

e Codec (Vocoder)

- AMBE+(2)
« 2.4 kbps Spraak
« 1.2 kbps FEC

* Acceptabel verlies in kwaliteit

Al1.veron.nl PAGROB é
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I gy Coemeel RS Verpakken: Channel coder
* Synchronisatie

in Nederland
- Van ontvanger met zender

- Vaak in de vorm van een header [en trailer]

 Datastroom opdelen in frames
- 30 ... 100 ms

* Toevoegen extra informatie
- Roepnaam

- Bestemming / routering
- Korte berichten / APRS / ...

Al1.veron.nl
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Radio Header Data

-

D
Bt |Frams . i N 1
D——SMR Syn | Svn. Flag|Flag|Flag] Destinad Do.'pzu‘t' 2 Own Own |;‘. [.‘('_\'.] Voice Data Voice Data Voice Data
' HENE tion ure | Comparleg)lsign{Call sig Frame | Frame | Frame | Frame Frame | Frame

[RepeatefRepeatey ™OT 2
Callsign|Call sign|Callsier
G4bit 15pit 1 1 1 8byte B8byte 8byte Bbyte d4byte 2byte 72byte24byte 7Zbyte 24byte 12byte 24byte
byte
|¢~————— error correction  660bit |
30 ms 330 ms 30 ms

I Log I i
DM R Data I Dﬁal Data I Vdcel VdceIVmceIVmceIVo-ceIVo-ceIVo-ceIVo»ceIVoooeIVoiceIVoooeIVweI VdceIVake
- Data Data Voice Voice Voice Voice

SYNC SYNC SYNC SYNC SYNC SYNC
T _ _— r - T
DCH DCH wis DCH *CH OCH *CH DCH aCH
Number of bits
FS FICH (0 VCH (0} oCH (D) {1 VICH (1) 1) 12) VCH(2) 2 3 WCH (3) (& 4 VCH (4) 4
40 200 40 72 32 40 72 ‘ 32 40 72 32 40 T2 32 40 72 ‘ 32 | Total 960 bit
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Radio Onderzoek 4- MOdUIatIe

in Nederland

Information bits .
Bit 1 Bit 0 Symbol 4FSK deviation
0 1 +3 +1,944 kHz
0 0 +1 +0,648 kHz
1 0 -1 -0,648 kHz
1 1 -3 -1,944 kHz

* 4-level modulatie
- Bijvoorbeeld 4-FSK
- Vier niveaus per signaalwisseling

- Eén signaalwisseling (baud) brengt 2 bits over
4800 baud draagt derhalve 9600 bits/sec over

Al1.veron.nl
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¥/ Radio Onderzoek Sa menva ttl NQ

in Nederland

* Omzetten Audio e Geluid

- A/D Convertor - D/A Convertor
 Comprimeren  DeComprimeren
- Codec: AMBE+(2) - Codec: AMBE+(2)
* Inclusief FEC  FEC
* Verpakken * Uitpakken
- Channel coder - Channel decoder
* Modulatie » DeModulatie

Al1.veron.nl
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Just another mode

Lage ruis gevoell

AR

Geen ruis op audio

Past In bestaand 12.5 kHz raster
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* What the ‘bliep’ is digitaal (en waarom)

* Digitale modulatie
- In 4 stappen

« Systemen
- D*Star
- DMR
- C4FM (System Fusion)

* Hotspots /™

Al1.veron.nl PAGROB
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Nenuiiinienll D|gitale Spraak Systemen
D*Star

in Nederland
- Digital Smart Technologies for Amateur Radio

« DMR
- Digital Mobile Radio

System Fusion
- C4FM
- Wires-X

Al1.veron.nl
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: il Digitale Spraak Systemen

A
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D*Star DMR C4EM
 Japan (JARL) * ETSI  YAESU
« 2001 « 2005 e 2013

« CallSign  DMR-Id « CallSign

» Reflectoren * TalkGoups « Rooms

- REF (DPlus) o - DMR-MARC - Wires-X
- XRF (DExtra) 3 'y » Reflectoren
- DPES/XLX = - BrandMeister

- FES/YSF

Al1.veron.nl
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in Nederland

N

Vocoder (codec)
FEC

Modulatie
Multiplex methode
Snelheid
Bandbreedte
Aantal Kanalen
Standaard

Technische specificaties

D-Star DMR C4FM
AMBE+ —=  AMBE+2 AMBE+2
Voice Only Voice Only Voice Only
GMSK AFSK C4FM
FDMA e N |
4.8 kbps 2 x 4.8 kbps 9.6 kbps
6.25 kHz 12.5 kHz 12.5 kHz
1 2 ) 1
JARL ETSI YAESU

GMSK = Gaussian Minimum Shift Keying

4FSK = 4-level Frequency Shift Keying

C4FM = Continuous 4-level Frequency Modulation
FDMA = Frequency Division Multiple Access
TDMA = Time Division Multiple Access

Ali.veron.nl PA@ROB é
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N/ Frequentiegebruik
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11|

6.25 kHz

DMKE

Fovvarr»

12.5 kHz
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NS FDMA - TDMA Multiplex

in Nederland
* Frequency Division Multiple Access

* TiIme Division Multiple Access

- DMR: 30 ms per slot Digital (FDMA) Digital (TDMA)

Slot 2 30msec

Slot 1 30msec

| \ / :
frequency b\’l
2 x 6.25kHz Channels frequency

12.5kHz Channel

Al1.veron.nl
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Y/ Radio Onderzoek
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Tot zover de theorie

Vragen
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Radio Onderzoek —

in Nederland

Pauze

na de pauze:

Hotspots
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Hotspots
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Nenukiinlenl [Digitale spraak Hotspots

in Nederland

D-Star - DMR — C4FM
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* Gateway (poort) naar

- D-Star

- DMR

- C4FM

- P25 &

 Waar staat zo’'n hotspot
- Op QTH/ QRL
- Mee onderweg

Al1.veron.nl
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I \é; Bl Hotspot als Gatewa
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Internet

Reflector
Module

Reom
TalkGroup

All.veron.




N
1. ¢ ey
: Radi@nderzoek HOtSOt _ Ontvaner (RF)

in Nederland

e Omzetten Audio e Server

- A/D Canvertor - D-Star - DMR - C4FM
| Comprimeren “lelInternet |
- Codec: AMBE+(2) - koppeling Servei
© et FEC - versturen AMBE+(2)
*LVerpgikhen « Uitpakken
- Channel coder - Channel Decoder
* Modulatie « DeModulatie
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: Radi@nderzoek HOtSOt — Zender (RF)

in Nederland

e Geluld ¢ Server
- D/A Canvertor - D-Star - DMR - C4FM
*|DeConiprimeren |e|Internet |
- Codee:\/AMBE+(2) ~ luisteren Server |
g = - ontvangen AMBE+(2)
*|Uitpgkken .. Verpakken
*» DeModulatie « Modulatie
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- 0penSPOT \
« DVMega

 Zum / Jumbo spot
« MMDVM Duplex

. All.veron.nl hotspots pagina ===

Al1.veron.nl
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A\ /AESAES Hotspots

in Nederland

DV4mini

» Aansluiting
» Bediening

- DV4mini software voor
« Windows

* Linux
* Raspberry Pi

Al1.veron.nl
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Radio Onderzoek HOtS o OtS
OpenSPOT (sharkrF.com)

in Nederland

* Aansluiting
- Netwerk LAN kabel

» Bediening

- Webbrowser
* Volledig stand-alone
openSPOT?2

* Aansluiting
- WiFi

~orT. >
L=

Al1.veron.nl
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RSN Hotspots

in Nederland

DVMEGA

« Aansluiting
- USB
- BlueTooth via BlueStack
- Raspberry Pi Hat

- Arduino

* Bediening

- Eigen software (BlueDV) voor
* Windows
* Linux
» Raspberry Pi %

Al1l.veron.nl PAGROB é
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RSN Hotspots

in Nederland

ZUM / JumboSpot

» Aansluiting
- Raspberry Pi Hat &
- Arduino

» Bediening

- Webbrowser
* Pi-Star image

- Terminal
« MMDVMHost

Al1.veron.nl
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RSN Hotspots

MMDVM Duplex (repeater)

» Aansluiting
- Raspberry Pi HAT &
- Arduino

» Bediening

- Webbrowser
* Pi-Star image

- Terminal
« MMDVMHost

Al1.veron.nl
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Internet

USB/ “y
BlueTooth

Reflector
Room
TalkGroup

& Raspberry Pi/ Telefoon/ PC

Al1.veron.nl
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Nenwiiinienl® Haordware - software varioant

in Nederland

 DV4Amini
- USB
- DV4mini program

DV Cortrol MyRoom | Expett Settings | RSS| | Reflector ko FW Update | Info CPUBoores:S% ML

Personal Settings DVamini Settings GAFM Fusion Info

DMRICCS7 ID:  [2048213 OD-Star  ® Carm s
-
o

Hotspot Callsign PADROB ODMR+ O P25 :NS'E;:‘P'”E' e tmas
caono

QODPMR O NXD/DAS NLZODier s

NO General

p—
o 10.5mW 12
QTH Locator: JO32KT EBer=r

Internet Data RX-QRG: 430475 MHz
v Quality: TX-QRG: [9875 | MHz OFCs ® YSF PEINMM

DUP+ 9.400 MHz DisC ® Message O Cals O Pictue

Ohio-Link

S-Meter
(0031) : ADF ... DVemini Stick Msg: set 70m band
(021€) ¢ C4RM ... Connect to C4FM/P25 Reflector NL ZGDigi~82.171.118.45~42000
\ 1481 (0000) ¢ C4FM ... Disconnected from C4FM/P25 Reflectoxr
(0001) : C4FM ... Connect to wires-X: NL ZODigi I 171.115.45 port:42000
(0253) DMR ... Set Dongle ID:$2048213/PAORCB
(4128) ... C4FM Info: YSF522354NL ZODigi Local @S0 002

NL_ZODigi CCS7

Al1.veron.nl
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Esneilinkienll Haordware - software variant
in Nederland

 DVMega op BlueStack

- Via BlueTooth met smartphone

- BlueDV app op smartphonew Wifi - 3G/4G

ML Z00 1a
FaOROE

Al1.veron.nl
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Experimenteel

in Nederland

* OpenSPOT
- LAN kabel
- Webbrowser

Al1.veron.nl

5V Usb

Neuiiinlanl® Haordware - software variant

(J ooz) /\/

LAN -~ “.___ Wifi / LAN

A

«

‘openSPOT. Status DMRSMS  Modem  Settings  Logout openspot

Connectors
Active connector SharkRF IP Connector Client
Edit connector: [sFReflector hd

General settings

Change to null after last RX call (sec, |0 5

0 to disable):

System Fusion/YSFReflector
Modem receive frequency (MHz): 430.587500
Modem transmit frequency (MHz) |439,987500 ‘

Server |NL Z0Digi / Local QSO V‘

192168340 www sharkrfcom Advanced mode
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» HRI-200 plus FTM-100

in Nederland
- Alleen voor Wires-X Rooms

(

~ - Wires-X programma

||||||||||||||||||||||||||

HRI-200 \ (2

Al1.veron.nl
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Experimenteel

Neuiiinlanl® Haordware - software variant

in Nederland

« ZUM / Jumbo / DVMega / Duplex

\

- HAT op Raspberry Pi

- Pi-Star image voor & &

- Webbrowser L oy S
]

Pi-Star; Digital Voice Dashboard for PAOROB

Dashboard | Admin | Configuration

Modes) Enabied Gateway Activity
L om Callsign Dur (=] | Toas | BER
n REEER
16:15:30 Sep 15th DMR Slot 1 PD3FVO |TG 204911
18:38:18 Sep 14th DMR Slot 1 PASEDR TG 204
18:38:13 Sep 1d4th DMR Slot 1 PD2RFO |IG 204
18:37:55 Sep ldth DMR Slot 1 TATRR TG 204
18:37:17 Sep ldth CMR Slot 1 PESE |IG 204
8:34:38 Sep ldth OMR Slot 1 PD2CL IG 2044
18:31:54 Sep ldth OMR Slot 1 PELIMM |IG 2044
18:28:22 Sep ldth CMR Slot 1 PDIRS IG 2041
18:27:55 Sep ldth DMR Slot 1 PDOEJN |IG 2043
Tadio Tnfo 18:26:29 Sep l4th DMR Slot 1 PAOESH IG 2044
18:21:43 Sep 14th DMR Slot 1 PAZRR |IG 204
439.800000 MHz 18:17:11 Sep 14th DMR Slot 1 PD3DJV TG 204
330.400000 MEz 18:08:43 Sep 14th DMR Slot 1 PEORVA |IG 204, 1 blocks
HS Hativi.4.@ 18:07:31 Sep 14th DMR Slot 1 PASFTV TG 2041
18:03:32 Sep 14th DMR Slot 1 PASE |IG 204, 1 blocks
18:02:55 Sep 1d4th DMR Slot 1 PEL1RLF TG 204
18:02:09 Sep ldth DMR Slot 1 PAOROB TG 20411
£:02:09 Sep l4th CMR Slot 2 PAOROB IG 20411
17:54:40 Sep ldth OMR Slot 1 PA3CNC |IG 2041

IG 204/Fo Ref
TS52

TG 20411/Noc Ref

DME Master

BM Netherlands 2042

Pi-Star / Pi-Star Dashboard, & Andy Taylor (MWOMWZ) 2014-2018.
" " ircDDBGatewsy Dashboard by Hans-J. Barthen (DLSDI),
MMDVMDash devaloped by Kim Husbel (DGSVH),
Need help? Click here for the Facebook Group
or Click here ta join the Support Forum

Get your copy of Pi-Star from here,

02:09 Sep ld4th
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- A\ /NS ZODigi - Reflector & TalkGroup

AMBE

DVStick33

(BrandMeister)
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* Voorwaarden
- Hotspot = zender bediend door derden

- Als jij luistert zendt de Hotspot

- Hotspot alleen gelinkt indien aanwezig
(en luistert)

Al1.veron.nl
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 Technisch

- RF deel is beperkt
- Hard- en software ontwikkeld door HAM's

- Netwerk aandeel (HAMNet - Internet) groot
* Interessant qua
- Routing
- Functionaliteit (zeker bij D-Star en DMR)
- DMR is netwerk georienteerd
 ‘beheerder’ bepaalt wat een ‘gebruiker’ kan en mag

Al1.veron.nl




Ml \ereniging voor
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Internet XX
- all.veron.nl =R
- NL ZODigi (C4FM - YSF) &
- TG 20411 (DMR) Wiki
- Hotspot op BrandMeister
QTH PAGROB ICIDU
- MMDVM Duplex-Pi-Star - MMDVM Duplex Pi-Star
- openSPOT .. - 0penSPOT
- Terminal ZODigi logfiles - Router

Al1.veron.nl PAGROB



https://a11.veron.nl/
http://vandenhoff.no-ip.info:8080/
https://brandmeister.network/?page=lh&DestinationID=20411
https://wiki.brandmeister.network/index.php/TalkGroup/20411
https://brandmeister.network/?page=repeater&id=204821309
http://192.168.3.42/
http://192.168.3.40/
http://192.168.2.100/
http://192.168.3.40/
http://192.168.2.1/
https://a11.veron.nl/
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Neuiiinienl® /ODigi Digitale Spraak

in Nederland
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Dank voor de aandacht

PAODTJJ -Teun
PE1INMM — Hans

PAOROB — Rob
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 D-Star Reflector Modules
« DMR Code Plug

 Channel coder
- D-Star
- DMR
- C4FM System Fusion
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@ ) DCS reflector @
IL/ repeat;\ A /peater _____ "
' L b B v '::-” ‘
@1_/"” / C (\ \\\‘\\ @
| 5 |
@ hotspot repeater @
. vV
- . e i\ |
repeater b repeater @

= >internet
— > zenden

"""""" > ontvangen

Al1.veron.nl
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/SIS DMR Code Plug

in Nederland

« Structuur Channel
- Contact Frequentie Tx/Rx
- Rx Group List Tijdslot TS1 of TS2

» Contact(s) Color code 0...15
- Channel ‘ Rx Group List
E> Zone
SJ Tx Contact

@Channel(
Admit Criteria

Al1.veron.nl
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Ewidinies 3. Channel coder (D-Star)

17
in Nederland

Digital Voice (DV)

The Digital Voice (DV) specification is well-defined in the translated D-STAR specification. The
content bit stream 1s defined as 72 bits of voice information followed by 24 bits of loosely defined

)

“data”. This pattern of 96 bits 1s repeated for the entirety of the transmission.

Radio header data
ID . . .
Voice | Data | Voice | Data Voice | Data
bit flame Destina-| Depar- | €°™ [ own own
tion ture | Panion Callsign Frame | Frame | Frame | Frame |* * *| Frame | Frame
syn |Syn flag | flag | flag |Repeater|Repeater Callsign| calisign | Ext P_FCS
1 9 5 | Callsign | Callsign

64bit 15bit 1 1 1 8byte 8byte 8byte 8byte 4byte 2byte 72bit 24bit T72bit  24bit 72bit  48bit
bite
| ——————error correction 660bit |

Figure 1: Digital Voice Components

Al1.veron.nl
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- A\ /il 3. Channel coder (DMR)

Experimenteel
in Nederland

Break into fragments

Break into blocks
Block m is the last

Building a data packet,
data block of a fragment

which may have
two header blocks

PACROB

Al1.veron.nl
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Nuiniasl 3. Channel coder (C4FM)

in Nederland

C4FM frame

4.2.2 VID mode type 2 (simultaneous voice/data communication mode 2)

)

The frame composition is shown in Figure 4-11.

CC (Communication CH)

HC (Header) TC (Terminator)
FN=0 FN=1 ‘ | FN=7 (maximum)
+«— 100 msec (960 bit) — +«— 100 msec (960 bit) — +«— 100 msec (960 bit) — «— 100 msec (960 bit) — «— 100 msec (960 bit) —
Figure 4-11 Frame Composition Drawing

“Woice and simultaneously superimposed data etc. is entered into the above-mentioned CC section and during transmission, this part is transmitted repeatedly.
*The repeating pattern of the CC section above changes depending on the volume of the transmission data you wish to send.

(1) HC (Header CH) and TC (Terminator CH)
The Header and Terminator are exactly the same as in the case for V/ID mode type 1 (refer to Section 4.2.1 (1)).

(2) CC (Communication CH)
The structural diagram of the superimposed data and actual voice is shown in Figure 4-12.

DCH DCH VeCH DCH VeCH DCH VeCH DCH VelCH
Number of bits
F5 FICH (0) VCH (0) | VeCH (0} (1) VCH (1) (1) (2) VCH (2) (2) (2) VCH (3) (3) (4) VCH (4) (4)
40 200 40 72 32 40 72 32 40 72 32 40 72 32 40 72 32 | Total 960 bit

Figure 4-12 CC Structural Drawing

Al1.veron.nl
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slel Digitale Spraak - ZODigi |

in Nederland

FIn
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